Introduction
Since the discovery of the first asteroid by Piazzi in 1801, orbits have been determined for over 2500 with varying degrees of quality; 2357 have been assigned permanent numbers as of this writing (Marsden and Bardwell 1981) .
Over 300 of these objects have been examined for variations in brightness resulting from rotation or tumbling, in combination with rough, irregular surfaces (Tedesco 1979) .
Albedos range from a low 2% (carbonaceous surfaces) to a high 48% (siliceous surfaces), indicating that asteroids can be as poorly reflecting as coal or as highly reflective as quartz (Morrison and Zellner 1979) . Such extreme differences in albedo, however, have yet to be observed on any one particular asteroid. Substantial variations in brightness (of the order of one magnitude) are more likely due to either elongation or a possible binary nature.
Of the asteroids with known lightcurves, 216 Kleopatra is one that displays considerable variations in brightness within several hours. The first determination of Kleopatra's light variations came from Scaltriti and Zappala (1977) . They detected an amplitude of 0.4 mag. More recently, Tholen (1980) found an amplitude of 1.35 mag. Our observations indicate an amplitude of 0.70 mag.
Observations
Kleopatra was observed photoelectrically on the UT dates 15 and 30 September and 1 and 2 October, 1980. Complete lightcurves were obtained on 15 September and 1 October; during each of the other two nights, only one complete minimum was observed. Due to the appreciable zenith distance at culmination (^40°) only one complete revolution of Kleopatra could be observed during any one night. A total of 78 points on the complete lightcurve was obtained; an additional 36 points were obtained around first minimum.
The observations were made with the 15-inch reflecting telescope at Midway Observatory. Details of the instrumentation have been described elsewhere (Kennedy and Wisniewski 1980) . Three 10 sec. integrations constitute one point on the lightcurve. The observations were made in V only through a diaphragm of 30 arcsec.
Due to the rapid motion of Kleopatra, the observations were made differentially with respect to two comparison stars (CI and C2), details of which are listed in Table 1 . The times of the observations, expressed in decimal Julian days, and the magnitude differences, given as asteroid minus comparison star, are listed in Table 2 . The estimated error for a single observation is 0.007 mag. The lightcurve is shown in Figure 2 . Zero point corrections were applied to make magnitude differences equal to zero at maximum light.
Epochs of Extrema
Epochs of minimum light were determined using the Hertzsprung (1928) method as modified by Kwee and Van Woerden (1956) . Minimum I was observed four times, minimum II twice, as listed in Table 3 .
From the above, the synodic period of rotation was determined as 0.224410 ± 0.000004 d (5h 23m 9.0s ± 0.4s). 
Lightcurve Characteristics
The average depth of both minima equals 0.70 ± 0.02 mag. A log of lightcurve amplitude versus time, phase angle, and ecliptic longitude is presented in Table 4 .
The above values clearly indicate that the amplitude is a function of solar phase angle, although it is superposed on a generally decreasing amplitude due to the changing orientation of the asteroid with respect to the Sun and the Earth.
Luminosity ratios of maximum and minimum light at- tributed to projected area would result in axial ratios varying from > 3 to 1 toward 2 to 1 at an amplitude of 0.7 mag. However, if limb darkening is present as French and Veverka (1979) suggest, smaller axial ratios could still produce the observed large amplitudes. Thus, it is unlikely that Kleopatra is as elongated as an axial ratio of > 3 to 1 would suggest, especially in light of the fact that such an elongated object, spinning at a rate of just over 5 hours, would be unstable (Weidenschilling 1980) . The fainter stars are generally all high velocity stars i.e., kinematically halo stars, but they separate into two spectroscopically distinct groups.
Contributions 415
The first group, which includes the parallax subdwarfs, have virtually indistinguishable red spectra and VRI colors from the OD dwarfs, but are about 1 mag fainter absolutely. They also have bluer J-H colors due apparently to higher gas pressure.
The second group have weak or no TiO bands but instead the spectrum is dominated by the hydride bands CH, MgH and CaH. It is this novel group of stars that I wish to discuss here. Figure 1 shows some typical spectra taken with three different detectors covering different wavelength intervals. The outstanding features are the strong hydride bands and the strong lines of Fe I, Ca I, Na I and K I.
Spectra
Over the last 5 or so years, several groups have been attempting to find cool white dwarfs so as to derive the cool limit of the degenerate dwarf sequence. One technique used was to examine those red stars with the largest reduced motions (H = 5 + m« + 4.74 log it) in an attempt to find intrinsically faint nearby stars. Very few white dwarfs were discovered, instead, most of the objects were either very late M dwarfs or were similar to the objects in Figure 1 . Because the stars in Figure 1 are all fainter than 15th magnitude it is not surprising that the species was little known, however many stars of 13-15 magnitude and similar to the bluest examples above showing strong CH and MgH had been found earlier.
Initial suggestions were made that these stars represented a new variant of the degenerate stars (e.g., Wegner 1975), but Bessell and Wickramasinghe (1979, 1982) , Bessell et al. (1979) and Cottrell (1978) showed in fact that these "enhanced G-band and MgH stars" were very metal-deficient K dwarfs ( [Fe/H] Q < -1.5). It is clear therefore, that the stars in Figure 1 are the cooler and intrinsically fainter extension of this extreme sub dwarf sequence. These cool dwarfs whose spectra are dominated by hydride bands rather than TiO bands can best be called the enhanced metal hydride dwarfs. Ake and Greenstein (1980) mainly from multi-channel spectrophotometry have also suggested that these enhanced hydride dwarfs are the most metal deficient sd (subdwarfs) m stars.
Colours
Photometry has now been made for some of the extreme subdwarfs found in our survey. This indicates that the stars have (R-I) colours similar to those of K7 to M3 old disk dwarfs but the (B-V) colours tend to be much redder than those for an OD star of the same (R-I). The (V-R) colours also tend to be redder than OD dwarfs with the same (R-I). JHK photometry has also been measured for some of the strong hydride dwarfs. The (J-H) colours are bluer than the OD as anticipated by Mould and Hyland (1976) , but the effect is certainly non linear in abundance, there being little difference between extreme and slight metal-deficient stars.
Absolute Magnitudes
Estimates of absolute magnitude have been attempted for all the 159 observed stars, by adopting tangential velocities of 280, 80 and 30 km s" 1 for the spectroscopically assigned extreme, slight and old disk or very late dwarf classes respectively. Plotting these stars in a M R versus (R-I) diagram indicates that all the extreme stars lie over 2 magnitudes below the old disk main sequence, and some up to 4 magnitudes below. Part of this is caused by changes in (R-I) color as TiO bands weaken, but even allowing for this effect, some of the extreme stars could be up to two magnitudes fainter than old disk stars of the same temperature. It will be of interest to obtain parallaxes of some of the brighter (apparent) stars at m R = 15 which could be expected to have parallaxes of between 0.02 and 0.04 arc sec.
Discussion of spectral peculiarities
Although better theoretical calculations are necessary for the derivation of precise abundances from spectra such as the ones in Figure 1 , it is possible to understand the behaviour of the spectral features and make reasonable estimates of the metallicity from the preliminary calculations of Mould (1976) as discussed by Bessell et al. (1982) . In Table 1 is summarized the change in strength of the O.ln TiO band and the 0.68ji CaH band as the overall metal abundance is reduced. We have chosen to illustrate this in terms of an equivalent old disk
